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Combat Musculoskeletal Wounds in a US Army Brigade Combat
Team During Operation Iraqi Freedom
Philip J. Belmont, Jr., MD, Dimitri Thomas, MD, Gens P. Goodman, DO, Andrew J. Schoenfeld, MD,
Michael Zacchilli, MD, Rob Burks, PhD, and Brett D. Owens, MD
Background: A prospective, longitudinal analysis of musculoskeletal com-
bat injuries sustained by a large combat-deployed maneuver unit has not
previously been performed.
Methods: A detailed description of the musculoskeletal combat casualty care
statistics, distribution of wounds, and mechanisms of injury incurred by a US
Army Brigade Combat Team during “The Surge” phase of Operation Iraqi
Freedom was performed using a centralized casualty database and an
electronic medical record system.
Results: Among the 4,122 soldiers deployed, there were 242 musculosk-
eletal combat wounds in 176 combat casualties. The musculoskeletal
combat casualty rate for the Brigade Combat Team was 34.2 per 1,000
soldier combat-years. Spine, pelvis, and long bone fractures comprised
55.9% (33 of 59) of the total fractures sustained in combat. Explosions
accounted for 80.7% (142 of 176) of all musculoskeletal combat casual-
ties. Musculoskeletal combat casualty wound incidence rates per 1,000
combat-years were as follows: major amputation, 2.1; minor amputation,
0.6; open fracture, 5.0; closed fracture, 6.4; and soft-tissue/neurovascular
injury, 32.8. Among musculoskeletal combat casualties, the likelihood of
a gunshot wound causing an open fracture was significantly greater
(45.8% [11 of 24]) when compared with explosions (10.6% [15 of 142])
(p  0.0006). Long bone amputations were more often caused by
explosive mechanisms than gunshot wounds.
Conclusions: A large burden of complex orthopedic injuries has resulted from
the combat experience in Operation Iraqi Freedom. This is because of increased
enemy reliance on explosive devices, the use of individual and vehicular body
armor, and improved survivability of combat-injured soldiers.
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For more than 8 years, US forces in Operation EnduringFreedom/Operation Iraqi Freedom (OEF/OIF) have been
primarily engaged in counterinsurgency operations within an
irregular war. Unlike traditional western warfare, in which
large conventional forces fought for military supremacy by
conducting major combat operations, enemy combatants in
OEF/OIF have relied on unconventional tactics including
terrorism, insurgency, and guerrilla warfare. Although the
historical aspects of the military medical experience in some
20th century conflicts have been described, the combat med-
ical experience of US military personnel in the irregular
warfare of OEF/OIF presents unique challenges and para-
digms that have not been previously encountered.
At present, a scientifically rigorous investigation, docu-
menting the extent of the burden of musculoskeletal combat
casualties and their treatment remains to be performed.1 Extrem-
ity combat wounds, excluding the spine and pelvis, have been
reported to comprise 58% to 61% of combat wounds experi-
enced by US military personnel in conflicts from World War II
through Vietnam.2–4 As of February 6, 2010, 36,600 US military
service members have been wounded in action (WIA) in OEF/
OIF, of which 10,813 (29.5%) have required medical evacuation
from theater.5 An early report on the spectrum of orthopedic
injuries in OEF/OIF estimated that 54% of all soldiers injured
sustained a musculoskeletal injury to the extremity.6 However,
musculoskeletal combat casualty statistics compiled from hos-
pitals7–11 or surgical treatment facilities12–16 generally exclude
soldiers evaluated and treated in an ambulatory setting and have
been found to underestimate the magnitude and nature of ortho-
pedic combat casualties.17
The goal of this investigation was to describe the
incidence and epidemiologic characteristics of musculoskel-
etal combat wounds sustained by a Brigade Combat Team
(BCT) during “The Surge” portion of OIF. The BCT in this
study is ideal for analysis because it represents the principal
combat unit for the Army and also participated in a classic
counterinsurgency operation, The Iraq War Troop Surge.
This makes the cohort under study particularly relevant to the
current military operations of the US Army. This study
represents the first prospective, longitudinal analysis of a
large combat-deployed unit in which the number of soldiers
is known and musculoskeletal combat casualty care incidence
rates can be calculated. Table 1 is provided to assist the
reader with the military terms and abbreviations used within
the article.
MATERIALS AND METHODS
After the approval of our Institutional Review Board, a
centralized casualty database and the military electronic med-
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ical record system were used to perform a prospective,
longitudinal study of musculoskeletal combat casualties, dis-
tribution of wounds, and mechanisms of injury for a US
Army BCT deployed to Iraq for 15 months (1.25 years). Unit
rosters were obtained, and queries were performed to identify
combat-related musculoskeletal injuries within the soldiers’
electronic medical record, the combat casualty rosters of the
unit, and the Joint Theater Trauma Registry. The Joint The-
ater Trauma Registry is a prospective database for patients in
combat operations treated at US military medical facilities.
The Joint Theater Trauma Registry was queried for all
US service members receiving treatment for wounds (ICD-9
codes 800–960) sustained during deployment, and the indi-
vidual soldier records among the BCT were identified within
this dataset. Care was taken to eliminate duplication of
injuries by performing counts of distinct patients within each
ICD-9 code, and only those individuals with musculoskeletal
injuries were included for analysis. For the purposes of this
investigation, a musculoskeletal combat casualty was defined
as a combat wound to either the upper or lower extremities,18
spine, or pelvis.
A “casualty” in military usage means a service member
lost to the theater of operations for any medical reason,19
including illness and noncombat injuries. Battle (combat)
injury is defined as “any casualty incurred as the direct result
of hostile action sustained in combat or sustained going to or
from a combat mission.”20 Soldiers who survive until arrival
at the military treatment facility are defined as WIA. The
WIA group is further subdivided into soldiers who died of
wounds (DOW) from combat injuries after reaching medical
care at a military treatment facility, who were treated and
returned to duty (RTD) within 72 hours, and who were
treated and medically evacuated (MEDEVAC).17 It is impor-
tant to note that a soldier can be classified as a musculosk-
eletal combat casualty more than once if the soldier is injured
and RTD and subsequently sustains another musculoskeletal
combat wound.
All patients were followed prospectively for 6 months
after the completion of the deployment of BCT. Demographic
information was recorded for soldiers found to have sustained
musculoskeletal injuries during combat including age, sex, rank,
and mechanism of injury. Data regarding musculoskeletal com-
bat casualties treated surgically were also collected. Surgical
interventions included irrigation and debridement procedures,
fasciotomies, vascular repairs, internal and external fixation,
hardware removal, and other soft-tissue procedures. Irrigation
and debridement consisted of wound exploration and stan-
dard washout, typically with regard to a large open wound.
Retrieval of munition fragments, or foreign bodies, was
classified as soft-tissue procedures. Soft-tissue procedures for
nonpenetrating combat wounds not requiring medical evacu-
TABLE 1. Military Terms and Definitions
BCT Brigade Combat Team The basic deployable combat unit of maneuver in the US Army, consisting of 3,500–4,000 soldiers
Combat-year Combat-year A unit of exposure equivalent to a single soldier exposed to duty in a combat environment for a period
of 1 year
DOW Died of wounds Soldiers who expire secondary to combat injuries subsequent to evaluation/treatment by a military
physician or physician’s assistant
E1–E4 Junior enlisted Soldiers comprising the majority of the US Army Brigade combat teams, generally with significant
operational responsibility and limited leadership responsibility (leading four or fewer soldiers)
E5–E9 Senior enlisted
(noncommissioned officers)
Soldiers in positions of enlisted leadership, directly responsible for 10–1,000 soldiers, often serving in
advisory capacity to commissioned officers
GSW Gunshot wound Injury sustained as a result of a gunshot
IED Improvised explosive device A bomb constructed from commercial, industrial, and/or military grade material and used in a
nonconventional manner
JTTR Joint Theater Trauma Registry Prospective military database used to record information on all combat casualties sustained by deployed
US military service members
MEDEVAC Medically evacuated Soldiers evacuated from the combat zone to Level IV medical treatment facility (generally a modern
military hospital)
O1–O3 Junior officers Officers responsible for the leadership and staff duties of units comprised 30–400 soldiers, often
involved directly in combat operations
O4–O6 Senior officers Officers responsible for the leadership and staff duties of units comprised 400 or more soldiers,
infrequently involved directly in combat operations
OEF Operation Enduring Freedom Current military conflict in Afghanistan
OIF Operation Iraqi Freedom Current military conflict in Iraq
RPG Rocket propelled grenade Handheld, shoulder-launched weapon capable of firing an unguided missile equipped with an explosive
warhead
RTD Returned to duty Soldiers returned to duty within 72 h of sustaining a combat injury
Surge Surge A period of Operation Iraqi Freedom characterized by increased volume and frequency of combat
operations during 2006 and 2007
WIA Wounded in action All soldiers sustaining combat wounds who survive at least until evaluation/treatment by a military
physician or physician’s assistant
WO1–WO5 Warrant officers Highly specialized technical officers generally responsible for leadership/technical support of specific
attached electronic systems/vehicles/weapon systems
Belmont, Jr. et al. The Journal of TRAUMA® Injury, Infection, and Critical Care • Volume 71, Number 1, July 2011
© 2011 Lippincott Williams & WilkinsE2
ation, or surgeries performed after return from the deploy-
ment, were not included in the analysis.
Each injured soldier was assigned to one of the above
combat casualty classifications based on status at final eval-
uation. Soldiers who died from a combat injury before reach-
ing medical care at a military treatment facility were defined
as killed in action and were not included in the analysis.
Analysis of the musculoskeletal injury epidemiology of
BCT during the combat deployment included calculation of
the musculoskeletal combat casualty rate (per 1,000 soldier
combat-years). A combat-year is a unit of exposure. It is
equivalent to a single soldier deployed in a combat environ-
ment for 1 year. The incidence rate indicates the number of
specified musculoskeletal combat casualties within the study
population divided by a defined number of combat-years at
risk. Major amputations were defined as an amputation prox-
imal to the wrist or ankle, whereas minor amputations were
distal to these joints. The major amputation rate was calcu-
lated as the ratio of the number of amputees, not amputations,
to the number of musculoskeletal combat casualties unable to
RTD within 72 hours.
Wounds were categorized according to location and
type of musculoskeletal injury. Additional factors analyzed
included age, sex, rank, and mechanism of injury. The rank
groups used were junior enlisted (E1–E4), senior enlisted
(E5–E9), warrant officers (WO1–WO5) through junior offi-
cers (O1–O3), and senior officers (O4–O6).
Statistical Analyses
Statistical analysis was performed using SAS (Cary,
NC). Significance was set at p  0.05. The 2 statistic was
used to evaluate whether there was an association between
the nominally scaled values of rank group and combat casu-
alty care statistics and mechanism of injury and combat
casualty care statistics. The 2 test was also used to assess
whether there was any difference between study groups in
terms of the risk factors of interest. The Fisher’s exact test
was used when the sample size was not sufficient for 2
analysis.
RESULTS
Four thousand one hundred twenty-two (3,797 men and
325 women) BCT soldiers were identified who deployed in
support of OIF during the specified time period. The average
age was 27.0 years (range, 18–52 years). The median military
rank was enlisted grade E4. Among the 4,122 deployed
soldiers (5,152 soldier combat-years at risk), 176 combat
casualties sustained 242 musculoskeletal combat wounds.
One hundred fifty-four soldiers were injured once (account-
ing for 154 musculoskeletal combat casualties), whereas 11
soldiers were injured more than once (accounting for 22
musculoskeletal combat casualties).
Of the 176 combat-related musculoskeletal casualties, 2
were DOW, 62 were MEDEVAC, and 112 were RTD.
Among the two soldiers classified as DOW, both died during
initial treatment at a combat support hospital in theater. All
musculoskeletal combat casualties classified as MEDEVAC
survived their respective combat injuries for at least 6 months
after the completion of the deployment of the unit. The
majority of musculoskeletal combat casualties (63.6%, 112 of
176) was classified as RTD. In addition, there were 214




Table 2 categorizes the musculoskeletal combat casu-
alty care statistics and incidence rates per 1,000 combat-years
by rank group. The casualty incidence rate was 34.2 of 1,000
soldier combat-years. Enlisted and noncommissioned officers
accounted for 90.9% (160 of 176) of musculoskeletal combat
casualties, whereas commissioned officers accounted for
9.1% (16 of 176). The musculoskeletal combat casualty care
statistical rates per 1,000 combat-years were as follows:
DOW, 0.4; MEDEVAC, 12.0; and RTD, 21.7. There was no
significant difference between the rank groups for the overall,
MEDEVAC, or RTD musculoskeletal combat casualty rates
(p  0.05).
Mechanism of Injury
Table 3 categorizes musculoskeletal combat casualty
care statistics and classification by the associated mechanism
of injury for all soldiers sustaining a combat wound. Impro-
vised explosive device, mortar, and rocket-propelled grenade
data were grouped into the explosion category to facilitate
comparison to reports from early conflicts. In all musculosk-
eletal combat casualties, the mechanism of injury was as
follows: explosion (80.7%, 142 of 176), gunshot wound
(13.6%, 24 of 176), motor vehicle collision (0.6%, 1 of 176),
and other (5.1%, 9 of 176). When compared with soldiers
injured by explosions, there was a trend for soldiers injured
by gunshot to be at increased risk for MEDEVAC [58.3% (14
of 24) for gunshot compared with 31.7% (45 of 142) for
explosion; p  0.10]. Injury by explosion or gunshot did not
TABLE 2. Musculoskeletal Combat Casualty Disposition by Rank Group
Rank Group N Musculoskeletal Combat Casualty (N) DOW (N) MEDEVAC (N) RTD (N)
E1–E4 2,079 32.7 (84) 0.8 (2) 12.7 (33) 18.9 (49)
E5–E9 1,665 36.5 (76) 0 (0) 12.0 (25) 24.5 (51)
O1–O3/WO1–WO5 323 32.2 (13) 0 (0) 7.4 (3) 24.8 (10)
O4–O6 55 43.6 (3) 0 (0) 14.5 (1) 29.1 (2)
Total 4,122 34.2 (176) 0.4 (2) 12.0 (62) 21.7 (112)
Rates are reported per 1,000 combat-years (N). E1–E4 represent junior enlisted, E5–E9 senior enlisted, O1–O3/WO1–WO3 junior officers and warrant officers, and O4–O6 senior
officers. Musculoskeletal combat casualty rate per 1,000 combat-years  (Musculoskeletal Combat Casualty)  1,000/(N  1.25).
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have a significant impact on rates of RTD [41.7% (10 of 24)
for gunshot compared with 66.9% (95 of 142) for explosion;
p  0.23].
Musculoskeletal Combat Casualty Type and
Mechanism of Injury Statistics
The type of musculoskeletal combat wound incidence
rates per 1,000 combat-years were as follows: major ampu-
tation, 2.1; minor amputation, 0.6; open fracture, 5.0; closed
fracture, 6.4; and soft-tissue/neurovascular injury, 32.8 (Ta-
ble 4). The major amputations were distributed among six
amputees, five of whom had more than one major amputation.
There were four transfemoral, six transtibial, and one mid-
shaft humerus amputation. The three minor amputations were
isolated finger amputations.
Table 5 categorizes the type and area of injury for all
musculoskeletal combat casualties by injury mechanism.
There were 158 soft-tissue injuries consisting of 86 soft-
tissue defects, 25 back/neck sprains, 16 shoulder sprains, 10
ligament/tendon injuries, 9 knee sprains, 8 miscellaneous
sprains, and 4 shoulder dislocations. Spine, pelvis, and long
bone fractures comprised 55.9% (33 of 59) of the total
fractures sustained during combat. Among the 242 musculo-
skeletal combat wounds, 82.2% (199 of 242) were the result
of an explosive mechanism and 12.8% (31 of 242) resulted
from gunshot. Among musculoskeletal combat casualties, the
likelihood of a gunshot wound causing an open fracture was
significantly greater (45.8% [11 of 24]) when compared with
explosions (10.6% [15 of 142]) (p  0.0006). Explosive
mechanisms accounted for 10 of the 12 spine/pelvis fractures.
There was a trend for long bone amputations to be caused
more often by explosion (7.7% [11 of 142]) than by gunshot
(0% [0 of 24]) (p  0.09). There was no increased risk of
neurovascular injury in wounds resulting from explosive
mechanisms (5.6% [8 of 142]) or gunshot (12.5% [3 of 24])
(p  0.25).
Musculoskeletal Surgeries
Table 6 categorizes the 92 musculoskeletal surgical
procedures performed on 66 musculoskeletal combat casual-
ties. The various musculoskeletal combat casualty surgical
incidence rates per 1,000 combat-years were as follows:
irrigation and debridement, 4.7; fasciotomy, 0.8; vascular
repair, 0.6; soft-tissue procedure, 5.6; external fixation, 0.6;
internal fixation, 5.2; and hardware removal, 0.6. Amputation
data are reported in Table 4 because all amputations in this
series occurred secondary to trauma.
DISCUSSION
During the counterinsurgency operation “The Surge,”
the musculoskeletal combat casualty rate for the BCT under
study was 34.2 of 1,000 soldier combat-years. The BCT lost
to the theater of operations 64 soldiers who were either DOW
or MEDEVAC as a result of musculoskeletal combat injuries.
The fact that 36.4% (64 of 176) of all soldiers who sustained
musculoskeletal combat injuries were lost from the theater of
operations is attributable to the effectiveness of the enemy
weaponry and tactics.
When analyzing the musculoskeletal combat casualty
care statistical rates, there were no differences found between
rank groups (Table 2). This may be because of the increasing
reliance on explosive devices of the enemy, which generally
target a unit rather than an individual soldier. In addition,
current US Army doctrine uses proximate on-the-ground
leadership from senior noncommissioned and commissioned
officers during operations, placing them at equivalent risk of
musculoskeletal combat injuries.
During the course of the 20th century, a generalized
trend has occurred whereby the number of casualties caused
by explosives has increased relative to those caused by
gunshot.3,19,21–23 In this study, explosion injuries accounted
for 80.7% of all musculoskeletal combat casualties and the
subset of improvised explosive devices accounted for 69.9%
(Table 3). When analyzing the mechanism of injury, explo-
sion injuries resulted in a higher RTD rate compared with
gunshot wound because many soldiers who survive the initial
blast are outside the effective blast radius and sustain less
severe injuries that can be expeditiously treated.22
TABLE 3. Mechanism of Injury of Musculoskeletal Combat Injuries by Combat Casualty Classification
Number Percent DOW (N) MEDEVAC (N) RTD (N)
Explosion 142 80.7 1.41% (2) 31.7% (45) 66.9% (95)
Gunshot wound 24 13.6 0% (0) 58.3% (14) 41.7% (10)
Motor vehicle collision 1 0.6 0% (0) 0% (0) 100% (1)
Other 9 5.1 0% (0) 33.3% (3) 66.7% (6)
Total 176 100 1.14% (2) 35.2% (62) 63.6% (112)










Incidence (N)Major Minor Open Closed
Total 4,122 5,152.5 2.1 (11) 0.6 (3) 5.0 (26) 6.4 (33) 30.7 (158) 2.1 (11) 47.0 (242)
Rates are reported per 1,000 combat-years (N).
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The tactical effectiveness of the enemy combatants’
novel utilization of explosive devices is evidenced by the fact
that the percentage killed in action in OIF has been reported
to be 22.1%.24 This figure is comparable with estimates of
killed in action for early US conflicts,17,19,25–27 despite ad-
vancements in individual and vehicular body armor. Despite
TABLE 5. Mechanism of Injury by Area and Type of Injury
Explosions GSW MVC Other Total
Spine/pelvis
Open 0 0 0 0 0
Closed 10 0 0 2 12
Humerus
Open 2 3 0 0 5
Closed 0 0 0 0 0
Radius/ulna
Open 2 0 0 0 2
Closed 1 0 0 0 1
Femur
Open 1 2 0 0 3
Closed 0 0 0 0 0
Tibia
Open 2 3 0 0 5
Closed 4 0 0 1 5
Clavicle
Open 0 0 0 0 0
Closed 3 0 0 0 3
Fibula
Open 1 2 0 0 3
Closed 2 0 0 0 2
Carpal/metacarpal
Open 2 0 0 0 2
Closed 5 1 0 0 6
Phalanges
Open 3 1 0 0 4
Closed 3 0 0 0 3
Tarsal/metatarsal
Open 2 0 0 0 2
Closed 1 0 0 0 1
Phalanges
Open 0 0 0 0 0
Closed 0 0 0 0 0
Total fractures
Open 15 11 0 0 26
Closed 29 1 0 3 33
Amputations
Major 11 0 0 0 11
Minor 3 0 0 0 3
Soft tissue 133 16 1 8 158
Neurovascular 8 3 0 0 11
Total injuries 199 31 1 11 242
GSW, gunshot wound; MVC, motor vehicle collision.





















Total 4,122 5,152.5 4.7 (24) 0.6 (3) 0.6 (3) 5.6 (29) 0.6 (3) 5.2 (27) 0.6 (3) 17.9 (92)
Rates are reported per 1,000 combat-years (N).
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the continued high percentage of killed in action, the usage of
individual body armor has dramatically reduced thoracic
injuries and has decreased the lethality of gunshot wounds.28
Thus, the widespread use of individual and vehicular body
armor, evolution of enemy tactics, and increased battlefield
survivability of combat-injured soldiers secondary to the use
of prehospital tourniquets29,30 and the effectiveness of treat-
ment rendered at military treatment facilities has resulted in a
large burden of complex orthopedic injuries.
This study provides the first detailed report of muscu-
loskeletal combat casualty wound incidence rates for a large
combat-deployed maneuver unit (Table 4). The BCT experi-
enced a major amputation incidence rate of 2.1 of 1,000
soldier combat-years. Major amputations occurred in 9.4% of
all musculoskeletal combat casualties unable to return to duty
within 72 hours. These data represent a minor increase when
compared with the review of Stansbury et al.,23 which re-
vealed a major extremity amputation rate of 7.4%. Of note,
Stansbury et al.23 reported multiple major limb amputations
in 18% of amputation cases, whereas 5 of 6 amputees in this
study underwent amputations in more than one extremity.
Meaningful comparisons of the major extremity amputation
rate with previous reports are limited by a lack of consistently
applied definitions and differences in population size.21,31–33
Of the 242 musculoskeletal combat wounds in this
study, 35.5% were soft-tissue defects and 24% were frac-
tures, with 44% of the fractures being open (Table 5). The
BCT had incidence rates/1,000 soldier combat-years of 5.0
and 6.4 for open and closed fractures, respectively, which had
been previously unreported. Among all musculoskeletal com-
bat casualties, gunshot wounds, when compared with explo-
sive mechanisms, were found to be more likely to result in an
open fracture (p  0.0006). The fact that half of all soldiers
sustaining high-velocity gunshot wounds had open fractures
that can be explained by the greater muzzle kinetic energy of
military firearms when compared with civilian handguns.17,34
Combat fractures are often associated with prolonged hospital-
ization and significant morbidity secondary to the devastating
soft-tissue injury incurred by high-velocity gunshot wounds.
Johnson et al.35 reported on 35 combat-associated type III open
tibial fractures that had the following rates: initial wound infec-
tion (77%), recurrent infection (37%), union times 9 months
(37%), and subsequent amputation (14%).
There were a total of 92 surgical procedures performed
in the 66 musculoskeletal combat casualties, with internal
fixation and irrigation and debridement most common. Re-
ports of recent36 and the current9 US conflicts corroborate that
soft-tissue procedures and irrigation and debridements are the
two most common musculoskeletal surgical procedures per-
formed. In this series, internal fixation was used more
frequently for fracture fixation than external fixation because
of expedient medical evacuation and the close longitudinal
follow-up at all echelons of care.
The percentage of soft-tissue wounds and fractures
experienced by the BCT during “The Surge” operation of OIF
approximate the data reported by Owens et al.6 However, it is
important to note that the data published by Owens et al.6
relied solely on the Joint Theater Trauma Registry. As a
result, these authors were only able to capture an estimated
27% of the 1,281 musculoskeletal combat casualties sus-
tained during the period under investigation.
Musculoskeletal combat casualty definitions can signif-
icantly affect casualty analysis results.18,31,34,37 Defining the
population studied is necessary to perform valid comparisons
and meaningful conclusions between wars. The inclusion of
soldiers killed in action, RTD, and nonbattle injuries in any
cohort analyzed will affect the distribution of musculoskeletal
wounds and mechanism of injury. Similarly, inclusion of only
the primary or dominant wound, without taking into account
secondary wounds, can also lead to altered data. As a result,
the reporting of musculoskeletal combat wounds from previ-
ous wars may be biased toward more severe injuries, with
less severe wounds being overlooked. In contrast, the data
presented here include all musculoskeletal combat wounds
sustained by soldiers WIA.
There are limitations to this study. First, as in early
investigations on this topic,6 we relied on ICD-9 codes to
identify musculoskeletal injuries. The use of ICD-9 codes for
the purposes of research may potentiate inaccuracies in terms
of ascertaining the exact nature of an injury and duplications
during the calculation of injury rates. We attempted to min-
imize this limitation by corroborating all injuries with the
combat casualty roster of the unit and the medical record of
each soldier. Moreover, duplication was prevented by per-
forming distinct counts of patients within each ICD-9 code.
A second limitation could be the fact that the BCT
under study represents the combat injury experience of a
single unit in one operation of OIF and, as a result, may not
be generalizable to the US military as a whole. However, the
study of an individual BCT allows the determination of
the exact number of soldiers at risk of injury and enables the
calculation of musculoskeletal combat casualty care statistics.
In addition, early studies have shown that musculoskeletal
combat casualty statistics compiled from hospitals or surgical
treatment facilities likely underestimate the magnitude and
nature of orthopedic combat casualties.7–17 Ultimately, only a
large, prospective, and scientifically rigorous study of all
soldiers wounded in Iraq and Afghanistan can truly charac-
terize musculoskeletal injury patterns in the present conflicts.
We hope that this study may serve as an initial benchmark, to
which future investigations on this topic can be compared.
In conclusion, this study is the first investigation to
present the scope of musculoskeletal injuries sustained by
members of a US Army BCT involved in a counterinsurgency
campaign of OIF. The estimated initial hospitalization and
projected disability benefits for soldiers sustaining combat
extremity wounds in Iraq and Afghanistan between October
2001 and December 2005 is $1.66 billion.38 The complex
orthopedic injury patterns found in this investigation, includ-
ing the high incidence of major amputation and fractures,
have important implications for the future, as the burden of
ongoing care for combat-injured soldiers must be borne by
the Federal Government, military treatment facilities, and the
Veterans’ Administration.38 This study provides a basis for
which future epidemiologic studies of musculoskeletal com-
bat casualties can be evaluated.
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